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Exercise 9 DETERMINATION OF THE CRITICAL 

MICELLAR CONCENTRATION OF 

IONIC SURFACTANTS 
 

 

Theory  

Surfactants (tensides) are organic substances, which significantly decrease the surface tension 

of water at relatively low concentrations and are, at least partially, water soluble. Because 

surfactants are adsorbed mainly on the surface of the solution, creating a thin monolayer, they 

are called surface active substances. During the solution of surfactants, when they reach a 

certain value of concentration, the molecules or ions of surfactants begin to associate and to 

organize themselves into more complex units, called micelles. The characteristic 

concentration value, where the association process begins, is called the critical micelle 

concentration and it is labelled with symbol c or abbreviation CMC.  

The CMC is one of the most useful physicochemical characteristics of many biologically 

active substances and drugs. From the chemical point of view, surfactants are mostly low-

molecular compounds, so when dissolved, they form true solutions in concentration ranges 

below the CMC. Micelles are aggregates of a larger number of simple molecules or ions of 

surfactants (e.g. several dozens), so the resulting size of such structures is in the colloidal 

range. For this reason, the micelle solutions of surfactants are regarded as association 

colloids. 

The molecular structure of surfactants is amphiphilic (biphilic), it consists of both non polar  

(hydrophobic, lipophilic) and polar (hydrophilic) parts - Figure 1.  

 

     

 

 

hydrophilic part    hydrophobic part  

 

Fig. 1 Amphiphilic structure of surfactants  

 

The lipophilic part of the structure usually consists of hydrocarbon groups. In a simple case it 

is a one long alkyl chain, typically with more than ten carbon atoms. The hydrophilic part of 

the structure may be represented by non-ionic polar groups or ionic groups and in this sense 

we distinguish between non-ionic surfactants and ionic surfactants. 

The ionic groups are much more hydrophilic than the non-ionic polar groups. The non-ionic 

surfactants are dissolved as electroneutral molecules, e.g. higher fatty alcohols or cholesterol 

which have polar hydroxyl groups. Ionic surfactants dissociate in aqueous solutions into pairs 

of cations and anions, but usually only one kind of these ions are surface active, and ions with 

the opposite charge are called counterions. Based on the charge and the nature of the ion 

which generates the surface activity, we can divide the ionic surfactants into the following 

classes: 

• anion-active (anionic) surfactants - e.g. sodium or potassium salts of higher fatty acids 

(soaps), salts like sodium dodecyl sulphate, sodium tetradecyl sulphate etc.  
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• cation-active (cationic) surfactants - e.g. quaternary ammonium salts – hexadecylpyridinium 

bromide, carbethopendecinium bromide (Septonex) etc.  

• ampholytic surfactants – e.g. long-alkyl amino acids, with pH dependent charges 
 

Surfactants form numerous group of various natural and synthetic compounds and their 

mixtures, in common practice, are used as soaps, saponates and detergents. Non-ionic neutral 

and some anionic surfactants are used in pharmacy as useful excipients - additives, 

emulgators, solubilizers, constituents of creams and ointments. Among the cationic 

surfactants we can find a large number of especially antimicrobial substances. Ionic 

surfactants are generally well soluble in water and at concentrations below the corresponding 

CMC they behave like fully dissociated strong electrolytes. 

Anionic surfactant - sodium dodecyl sulphate - is dissociated into the surface active anion 

[CH3(CH2)11OSO3
-] and the sodium cation [Na+] (counterion) in the aqueous solution. The 

surface active amphiphilic anions are adsorbed on the water surface where they create a 

characteristic monolayer (Figure 2a).  

 

        
Fig. 2 Association of surfactants 

 

The lipophilic dodecyl alkyls -CH3(CH2)11 are oriented outside from the water surface, while 

the hydrophilic -OSO3-  head-groups are directed into the aqueous environment (Figure 2b). 

When the concentration of sodium dodecyl sulphate reaches its corresponding CMC value, the 

dodecyl sulphate anions start to aggregate into the negatively charged globular micelles 

(Figure 2c). The lipophilic core of the micelles is built up from the non-polar hydrocarbon 

alkyl chains, while the anionic groups are localized on the micelle surface oriented to the 

polar aqueous environment. Negatively charged micelles bind by electrostatic forces certain 

fraction of the Na+ counterions or other cations which may be present in the solution.  

Cationic surfactant - carbethopendecinium bromide (Septonex) - is a well-known quaternary 

ammonium salt with strong antimicrobial activity. Its carbethopendecinium cations form 

positively charged micelles in aqueous solution at concentrations above its CMC value. The 

carbethopendecinium cation has more complex structure, the non-polar group is represented 

by an alkyl chain and its positive ionic charge is on the quaternary nitrogen atom.  
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Principles of determination of CMC  

The determination of CMC is generally based on the localization of the position of a breaking 

point in the concentration dependencies of selected physical or chemical properties of 

surfactant solutions. Because of the surface activity of this substances, measurements of the 

surface tension of surfactant solutions represent the principal method of CMCs 

determination. However, it is rather tedious and time-consuming procedure. In the case of 

ionic surfactants, the utilization of electrochemical measurements is much more convenient, 

especially the measurements of the electrical conductivity of their solutions with varying 

concentration. The conductometric method is based on the finding of a breaking point on the 

curves, which describe the concentration dependence of conductivity. It is well-known, that 

the conductivity of any solution is directly proportional to the concentration of its ions. The 

point, where the micelle formation starts, is indicated on the concentration dependence of 

specific conductivity (κ) as a breaking point. It is easy to find the breaking point, because it 

marks a significant change the slope of the linear dependence: 
 

                                   κ =f(c)                        

                       

The requested value of CMC is the intercept of two linear functions with mutually different 

slopes (Figure 3a, b).  

 
                          a                                                                b 
Fig. 3 The specific conductivity (a) and molar conductivity (b) as a function of  

                concentration 

 

The dependence of the molar conductivity (Λ) on the second root of concentration (c) can be 

used for more precise determination of CMC of ionic surfactants Figure 3b. The solution of 

surfactant, e.g. sodium dodecyl sulphate, behaves as the strong univalent type of electrolyte in 

the concentration range below the CMC and the linear function of dependence of the molar 

conductivity on the second root of concentration has a small negative slope. This 

concentration dependence of the molar conductivity is thus described by the Onsager 

equation: 

 

ca.0   [S m2 mol-1]                                 (1) 

 

where Λ0 is the corresponding molar conductivity at the infinitive dilution  

           c is the concentration of the studied surfactant 
 

Values of the molar conductivity are calculated from the experimental values of specific 

conductivity (κ) and the concentration of solution. The basic unit of this quantity is  
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S m2 mol-1. 
 

Units and their transformations 

S m-1 is the main SI unit for specific conductivity (κ). Because conductometers often display 

the value in other subunits the following transformation relationship could be useful:  

 

1 μS cm-1= 10-4 S m-1 

 

Equipments and chemicals 

conductometer, conductivity electrode, thermometer, thermostat, stirrer, 25 ml analytical 

flask, anionic surfactant: sodium dodecyl sulphate C12H25NaSO4, Mr = 288.38, cationic 

surfactant septonex C21H44NO2Br,  Mr = 422.49, redistilled water  
  
Procedure 

- Prepare the initial solution of the surfactant sodium dodecyl sulfate with concentration c =     

   0.012 mol dm-3 (or Septonex c = 0.0012 mol dm-3) in 25 ml volumetric flask. 

- The calculated amount of the studied substance should be weighed using analytical balance 

   directly in the volumetric flask.  

- Dissolve the substance adding a small amount of redistilled water, and when it is fully  

   dissolved add the remaining volume of redistilled water, as it is given with the marker on  

   the volumetric flask.  

- Use only a slow mixing motions to avoid the formation of a foam.  

-  Insert the stirrer and pour the solution in the conductivity vessel, which was previously  

   cleaned and dried. Immerse the thermometer and the conductivity electrode. Set the  

   thermostat to 25°C and switch on the electromagnetic stirrer. Turn on the conductometer. 

   The measurement: 

1 After the temperature reaches 25°C, read the first conductivity data for the solution with c =  

    0.012 mol dm-3 for sodium dodecyl sulphate (or c = 0.0012 mol dm-3for Septonex).  

2 The next concentration of the surfactant solution should be prepared by diluting the current  

   solution.  

3 Calculate the necessary volume of the solution as it is outlined below, in the example  

ow remove the calculated volume of the measured solution and then add the same volume  

   of pure redistilled water. 

5 After having a constant value on display of the instrument, read the conductivity data.  

6 Repeat the steps 2-4 for each concentration in the series given in the Tables 1 or 2 below.  

   Please note, that at each measurement, the total volume of the measured solution in the  

   conductivity vessel should be always 25 ml.  
 

Example for calculation  

Assume that the current concentration is for example c1 = 0.012 mol dm-3 and the total 

volume is V2 = 25 ml. Prepare the next solution with concentration c2 = 0.011 mol dm-3. 

The dilution law is than used for calculation of the necessary volume of the stock solution 

(V1):  

 

 2211 VcVc                                      (2) 
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ml
x

c

Vc
V 92.22

012.0

25011.0

1

22
1                                            (3)                                                           

 

We need 22.92 ml of solution with concentration c1 = 0.012 mol dm-3 for preparation of 25 ml 

solution with concentration c2 = 0.011 mol dm-3. 

So 25-22.92=2.08 ml of solution with concentration 0.012 mol dm-3 should be taken away at 

first and then the same volume (2.08 ml) of redistilled water should be added to get 25 ml of 

solution with concentration 0.011 mol dm-3 solution in the conductivity vessel. 
 

Table 1 Measured and calculated values for the determination of CMC of the sodium dodecyl 

sulphate 

t = .................°C 

          c           c          V                                   

   (mol dm-3) (mol dm-3)1/2      (+ml)    (S cm-1)      (S m-1)  (S m2 mol-1)   

      0.012         

      0.011      

      0.010      

      0.009      

      0.008      

      0.007      

      0.006      

      0.005      

      0.004      

      0.003      

      0.002      
 

                                                                                            CMC = .......................mol dm-3 
 

Table 2 Measured and calculated values for the determination of CMC of the septonex 

t = .................°C 

          c           c          V                                   

   (mol dm-3) (mol dm-3)1/2      (+ml)    (S cm-1)      (S m-1)  (S m2 mol-1)   

      0.0012         

      0.0011      

      0.0010      

      0.0009      

      0.0008      

      0.0007      

      0.0006      

      0.0005      

      0.0004      

      0.0003      

      0.0002      
 

                                                                                               CMC = .......................mol dm-3 
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Report 

The report must include:  

1 The theory of surfactants  

2 Equipments and chemicals  

3 Sample calculations (concentration, molar conductivity)  

4 Tables of measurements and calculated values  

5 Diagrams of the dependences:   κ = f(c)  and  Λ= f( c )   

6 Conclusion 
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